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ABSTRACT

This study summarizes a seriles of
projects designed to 1improve the Navy's
ability to set manpower requirements and
to develop cost-effective compensation
policies to fill these requirements.
The analyses included several efforts to
improve the methodology used to define
manpower requirements. A computer model
was designed to help in the analysis of
the impact of changes in the size of the
fleet on requirements at the individual
billet level. Development of methodolo-
gles to assess the potential for civil-
lan substitution and to define test
score and educational requirements for
accessions was also completed. The
impact of personal characteristics and
Navy training on the performance of
enlisted personnel was the subject of
two separate research efforts. Finally,
the effects of compensation policy on
high-quality persoanel and of sea pay om
hard-to-fill sea-intensive billets were
the subjects of two studies of retention
behavior,.
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BA CKGROUND

The Navy has undergone substantial growth during the first half of
the 1980s; this growth trend will continue during the remainder of the
decade. Enlisted manpower is expected to grow by 8 percent, from
490,000 in fiscal year 1985 to 530,000 in 1990. This is a significant
increase in force size, but it should be viewed in perspective. During
the same years, the number of Navy deployable ships will grow from 542
to 600, an ll-percent increase.

The early 1980s were very good years for the Navy from a manpower
standpoint. Recruiting goals were met in absolute numbers. Quality of
recruits had greatly improved over that of the 1970s, according to
measures of quality such as the fraction of recruits who had high school
diplomas and the fraction who were from the upper mental groups. Reten-
tion rates for career personnel were also substantially above those
experiencad in the past. These trends allowed the Navy to reduce a
longstanding shortage of petty officers while expanding the overall
force size.

Although the manpower situation has been positive in the past
several years, continuing pressures make it difficult to maintain this
state in the long run. The Navy needs to man a growing fleet at a time
when the youth population is steadily declining. As shown in figure 1,
the number of 17- to 2l-year-olds in the population will decline
throughout the 1980s and fnto the middle of the 1990s. Earlier studiles
have indicated that the Navy can meet manpower requirements, even at the
expected lower population levels, but meeting them will not be easy or
inexpensive.

Population {thousands)

1960 1970 1980 1990 2000

Year

FIG. 1: POPULATION OF 17-TO-21-YEAR-OLD MALES, 1960-2000

P

alsle

IJ g

e ﬁ_\vr b \ - Sl -"‘.'_'.'_‘."‘.f.-'_‘.~_‘.-_‘.-_'j
)LAQHL mJLdL.-x 1;..1-.‘1L: ;U I I At Sy

AT I LR U NN o
'\"‘1-' A R RN TN g




i v l,ll-. e Pl " . A - - = A %

(e

The demoyriphia trend is not the onlv factor that will make manning
the A0)=ship Navy difficult., In the earlv 1980s, unemplovment was at
its posc-war high. This factor contributed o the high recruitment and
retencion levels. I!memplovment has dropped from these record levels,

N ut it is still well above traditional post-war levels. 1In all likeli-
: hood, unemplovment will continue o derline in the second half of the
‘ decade, and this will make recruicing and retaining personnel more
e difficult. Improvements in the civilian economv are reflected not only
‘ in lower unemployment, but also by faster gains in earnings. After
, large military pay raises in 1980 and 1981, military pay has failed to
increase at the same rate as civilian payv., Projeations of the eivilian-
military payv ratio for the rest of the 1980s suggest that military pay
| will continue ¢o slip relazive o aivilian earnings.

s a a2 s 8

Demographic ind economic trends will make the task of manning a
growing fleet challenging., The political environment will also add to
the pressure on the Navv. Large budget defiecits have led to calls for
cuts in many federal programs, and defense is no exception. Congres-
sional caps on end strength have limited the growth in personnel to less
than the growth that requirements dictate. FEven 1if personnel and
compensation policies keep pace with changes in demographic and economic
conditions, the Navy may be forced to man the fleet at a lower level
chan planned.

Pl Sl Se? bt X

In this environment, the Navy needs fo define its requirements

N carefully and develop efficient and effective personnel and compensation

' policies to meet them. This study supports the Navy in achieving these
goals by researching three general subject areas. The first involves
improvements in the projection of enlistee requirements at the rating

. and pav-grade level. The second inaludes a series of analyses of the

. relationship between manning levels and quality and fleet readiness.
The third investigates the value of several alternative personnel
retention policies including both monetary and nonmonetary incentives.
The first two analyses address the potential for personnel substitutions
hased on both cost and produrtivity to maintain readiness in the face of
expected constraints on manpower levels. The third report summarizes
the results of specific tasks in each of these areas.

X DETERMINATION OF MANPOWER REQUIREMENTS

This section examines the way in which the Navy determines manpower
requirements., [t desaribes a model that could he used o project
billets at shore installatinns in addition to those on ships and
aireratt. It presents a method for determining which jobs are
appropriate for civilian substitution and discusses the impaat of this
nlan on military end strength, Finallv, it describes the measures of
- recruit qualicty used In projecting manpower requirements,
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OO PROJECTION OF REQUIREMENTS!

The Navy mans its billets through a complex and detailed central-
- ized personnel system. Every job in the Navy is characterized by both a
b i rating and a pay-grade requirement. Operational billets for ships and

’ aircraft squadrons are defined ian their Ship Manning Document (SMD) or
Squadron Manning Document (SQMD), respectively. The Navy uses these
documents in a model to project manpower needs. This model is
essentially an aid in performing the caleculations to determine the

- -
b

A,

e aggregate manpower requirements that result from various force mixes.

j Planners can determine total requirements for operational billets at the
.ﬁiz rating and pay-grade level by simply adding up the individual unit
AN requirements. Changes in total operatiounal requirements can be derived
"iﬁ in a straightforward manner from these manning documents as the Navy

' grows and as differing mixes of ships and aircraft are introduced.
PIS =
\::; These billets compose only a portion of total Navy requirements,
ﬁ_f however. The Navy needs to fill a large number of jobs ashore. Despite
A progress in developing a system to define billet requirements at shore
f':: installations with a methodology similar to the SMD and SQMD systems,
i:’ the Navy cannot determine shore requirements in a consistent framework.

e Planners cannot make accurate projections of shore requirements as a
A

A function of fleet size and composition. A model that could be used for
x:g this type of projection would allow manpower planners to explore the

“ i manpower implications of various future force mix decisions.

' 1%

The determination of total shore requirements involves two steps.
- The first, and most problematic, is estimating the relationship between

ﬁxi the sizes and types of units in the fleet and requirements for a shore
[ establishment to support the fleet. Based on these estimates, Navy
b planners can determine total shore requirements and add them to
':; operational billets requirements to project total manpower requirements.
%)* tudy—-team members explored the feasibility of developing such a
) computer model to project future manpower requirements at the rating and
“:ﬁ pay-grade level for various force configurations. The project used the
';l) Enlisted Requirements Planner (ENREP) Model developed at CNA {2] as a
[ starting point. The goal was to develop a prototype version of ENREP to
oL test its usefulness as a planning tool and to use as the basis for an
‘iﬁi operational version if it proved successful.
Y
iiﬂ The analysis conducted during the project provided updated billet
e~ requirements for ship and squadron manning and attempted to estimate the
i.: shore establishments associated with specific ship types. The research

on shore requirements was based on historical relationships between
< ships in the inventory and associated shore billets. These relation-
ships can be used to determine "planning factors”™ or mathematical algo-

:: l. This section summarizes analyses described more completely in [1].
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rithms that trauslate changes in the number and types of ships in the
Navy inventory into changes in shore requirements.

The estimates are preliminary. They are designed to test the
feasibility of producing such factors rather than to provide a complete
catalog of planning factors to be used in a working version of ENREP.
The study team derived estimates for ships but not for aircraft
squadrons. The results indicate that planning factors can be developed ’
based on nistorical relationships but that a major effort would be
required to estimate all the relationships needed to fully implement the
model. Furthermore, strong statistical relationships cannot be found in
all instances, and factors based oa professional judgment as well as
statistical analyses will be required.

Table 1 provides an example of data used to develop algorithms
during the analysis. The study team estimated manning factors for a
Ship Intermediate Maintenance Activity (SIMA) by cowmparing historical
manning at East Coast SIMAs to the number and size of ships homeported
there. Table 1 uses the basic allowance (BA) for the Electroaics
Technician (ET) rating.

TASLE 1

ET BILLETS BY PORT

S TMA Charleston Mayport L. Creek
BA for ET rating at SIMA 53 42 27
Avyg. slze homeported ship 349 310 174
No, of homeported ships 38 35 23
Ratio of ET billets to ship Ba .004002 .00387  .00674

SOURCE: U.S. Navy, Enlisted Billet File for FY 1934.

a. (53 % (349 x 38)).

Although tnis work did not Jdevelop a coaplete and operational
versioan of a requirements planner model, it made a larze step Ln that
diraction., The software necessary to {mplement the model was written
and tested., The key to the usefulness of the model, however, (s the
accuracy of the shore requirement estinates, Planners nust establish
additional nanning factors for aviation unlts and validate all the
estinates. Costs may be high, however, because thnese steps require a
heavy initial investment and the model should be updated frequently to
nmake ENREP a usable planninyg tool. .
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7s CIVILIAN SUBSTITUTION

e
- Projecting total requirements at the billet level is an important
Y step in determining Navy requirements, but it is not the only issue that
'q faces manpower planners. Some billets that are called for {in the total
4 3 requirements can be filled by either military or civilian persounnel,
. Significant pressure is on the Navy to hold down military end streagth
™ despite the growth in the size of the fleet. One solution to this

) H dilemma is the substitution of civilian for military personnel in shore
) billets. It may be possibla to develop a methodology for the selectioa
'j of those billets that are most amenable to civilian substitution.

‘Q Research to develop such a methodology was conducted in this study.

'~

%\ The starting point for this research was the realization that Navy

ratings vary greatly in factors such as training costs, retention costs,
and amount of time required at sea. Therefore, a civilian substitution

~ plan that was applied evenly across all ratings would probably not be

;: cost~effective. This research attempted to create a process to identify
_,3 those ratings that are the best candidates for civilian substitution and
W those that are the worst.

@

Navy ratings were evaluated on seven factors, although the time
spent at sea and the costs of tralaning and retalainyg personnel largely
determined their scores. The evaluation used factor analysis and linear
regression to rank the 71 ratings studied. The rankings are displayed
in figure 2. They appear reasonable in that ratings clustered at the
top of the scale tend to be those identified as mission critical by the
- Navy.

j‘ These results are intended to be used only as a general guide to

) potential civilian substitutions. Many factors influence the ability of

the Navy to substitute civilian for uniformed persoannel without reducing

) mission readiness. The study provides an example of the potential
savings ian military end strength, using some simple assumptions about

;: where this substitution could take place. ;

fi: Substitution of civilian for military personnel in shore jobs was

fi’ assuned to take place in those ratings with low sea-shore rotation.
This substitution would raise the sea-shore rotation of personnel 1in

P these jobs, and this was used as the criterion that determined the

;n extent of substitution. Civillans replaced military personnel ia an

- Attempt to move the sea-shore rotation towards 6:3, which {s comparable

j} to that experienced in sea~intensive ratings. To limit the potential

. disruptions to the personnel system, the methodology allowed a maximum

facrease of 5 percent in any rating's sea-shore rotation. At the same

g time, it was assuned that military shore billets were added to sea-

8 fntensive ratings to bring the rotation pattern down toward 6:3., Many
",

X .
¢ l. The research described in this section is documented in [3].
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of the jobs that are subject to the reduction in uniformed shore billets
have large povpulations of women, and this type of substitution could
seriously affect their promotion patterns. 1In the analysis, sufficient
billets were retained in these ratings to allow for career progression
for women.,

The potential for civilian substitution based on this methodology
was calculated for each rating. The possible decrease in shore billets

Iy for uniformed personnel was 19,000, despite the increase required in

A some of the sea—~intensive ratings. As noted before, numerous factocrs
NS must be considered in setting requirements; therefore, this figure

bﬁ should not be thought of as anything more than one hypothetical result
AN based on numerous ad hoc assumptions. Nonetheless, the method ran be
ggr. used to highlight ratings that are potential candidates for civilian
Y substitution. It also allows for estimates of the potential magnitude
o of end-strength savings.
AN
A ijia RECRUIT QUALITY!
LN <
i_:% Navy manpower requirements are stated in terms of the number of
P personnel in each rating and pay grade. This is sufficient for planning
}'?' the career force, but not for recruiting new entrants into the Navy.
h::: Recruiting requirements are defined by quality as well as quantity. The
'iix Navy employs two basic measures of recruit quality. The first is

t}& educational achievement, defined as the successful completion of the
*\:: requirements for a high school diploma. FEducation has been found to be
e ) the primary determinant of precontract attrition., High school diploma
- graduates (HSDGs) are preferred by the Navy because they are

’}-{ substantially more likely to complete their first term.

NS

i:i The second quality measure is a recruit's score on the Armed

U Services Vocational Aptitude Battery (ASVAB) and a summary ability

L, measure based on these results, the Armed Forces Qualification Test

~e (AFQT). The ASVAB is used to assign recruits to the ratings that they
:;Qﬂ are qualified to learn and perform. The prerequisites for each rating
&;s: can be translated into an upper mental group (UMG) goal, the desired
:¢:. proportion of recruits in the upper half of the AFQT distribution. This
ﬂ}i goal is used to target recruiting efforts by individual Navy recruiters
= and to monitor recruit quality for Congressional oversight.
! \ﬁ Study-team members analyzed the process by which this goal is set
‘$:E for new male acressions. The goal is determined by the need to fill
,ﬁ\j A-school seats for each rating with qualified recruits. The qualifica-
:f:f tion requirements are stated in terms of various ASVAB components;

At therefore, a method to project the proportion of UMG personnel must be
s - developed, based on the ASVAB requirements for each rating. Potential
::g algorithms for the translation of ASVAB composites to AFQT requirements
SOAN

WA

\i} l. This work is described in detail in [4].
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were tested; all had similar results. The study team made adjustments
to the UMG requirements for each school to allow for attrition, fleet
input, and number of women and used these to develop a final UMG goal
for every rating. The team developed a computer spreadsheet model to
aggregate the rating-specific requirements to develop a Navy UMG goal
for any set of projected school loadings and assumptions about attrition
and other inputs.

EFFECTS OF MANNING POLICY ON FLEET READINESS

The first section of the study involved research on ways to refine
the process of determining manpower requirements. The underlying
assumption is that the requirements are correct and can be viewed as
absolute goals. In the real world, however, the actual manpower avail-
able to the Navy is consistently less than the stated requirements.
Although overall readiness will decline if fewer persoanel are available
to the Navy, the degree to which shortfalls degrade readiness is not
kKnown., Personnel productivity can be expected to depead on factors such
as experience and training. Substitution of personnel based on these
factors may be used to respond to shortfalls or to adjust requiresments
to Increase cost-effectiveness. More precise information on the produc-
tivity of persoannel with different attributes is necessary before man—
power planners can accurately alter fleet manninyg to improve readliness.
This study included several efforts to mneasure personnel productivity as
a first step in improving the manpower requirements process.

FLEET [RENDS

[he material condition of ships is a potential indicator of fleet
readiness. A simple examination of the trends in this neasure and in
manning levels shows that the two teand to move {n the same direction.
Figure 3 presents the fleetwide average of the proportion of tlime free
of serious equipment fallures and average fleet manning levels. A
decomposition of manning levels into jualor and senior billets indicates
that senfor personnel are more closely related to fleet material condi-
tion measures. The coincidence between these two time trends is not
sufficient to establish a cause-and~effect relationship between then.
In fact, attempts to quantify this relationship at the individual ship
level have proved less successful {5}. Nonetheless, the apparent rela-
tionship between manning and fleet readiness is worth pursuing further.
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A FIRST-TERM PRODUCTIVITY GROWTH1
oy
;:, One of the basirc manpower 1ssues facing the Navy is selection of
:E.: the proportion of first—-term and career persounel in the forrce. A key
Y factor in determining the appropriate mix of these two types is the
- relative contribution of each to Navy readiness. The study analyzed the
.- growth of productivity within the first term of service and used this
o measure to compare the relative contribution of first-termers to
L
RGN enlistees beginning their second term.
. g £
LS
RN
* Another important question {s the impact of personal characteris-
% ( tirs, such as education or mental group, on performance. 0Objective
o : measures of on-the—-job performance are difficult to obtain. The study
™S used a unique data set to address the question. The analysis concen-
A :r, trates on the first term in the Navy and examines the patterns of
hffu productivity growth for individuals in different ratings and with
L varying characteristics.
o Data
- ."...
:{j- In 1974, the Rand Corporation conducted a survey project for the
o Defense Advanced Research Projects Agency. The project, which involved
M two surveys, was Intended to measure the growth of net productivity over
- the first enlistment term.
*n %
f‘
o
'v."\
:iz ) l. The analysis summarized below is based on research documented in [6].
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Researchers chose a set of military occupations to represent the
full spectrum of skills required by the services. They seleated a total
of 19,000 first-term enlistees from the chosen skill areas in the Air
Force, Armv, and Navy and sent each enlistee a questionnaire form
requesting background information not included in their personnel files
and the names of three immediate supervisors. A total of 6,558 Navy
enlistees (72.9 percent) responded to the questionnaire. The supervi-
sors ildentified in these responses were sent a second questionnaire to
ascertain the net productivity of the individuals in the first wave.

The questionnaire asked supervisors to assess each recruit's net
productivity as of the survey date and to assess the recruit's prospea-
tive net productivity 1| year later and after 4 years at the duty
station. The questionnaire also asked them to assess the recruit's net
productivity after | month at the duty station. All net productivity

timates were relative: the net productivity of the trainee at time
relative to the net productivity of the average specialist within the
occupation after 4 vears at the duty station. Although the survey
included only 15 of the approximately 100 Navy ratings, the ratings

)
in
chosen account for about one-third of all Navy enlistees.

Tvpical Learning Curves

Each supervisor was asked to rate a "tvpieal” rearuit's ne: produa-
tivity at several points in his first term. Estimates of the progress
of a typical rvrecruit can be used direatly to ildentify differences across
ratings in the shape of the learning curve. Tcble 2 presents the mean
values of the supervisory assessments of the net value of a typical A-
school~trained recruit at several points in his first term. The net
value is expressed as a percentage of the produativity of an average
specialist in that rating after 4 years at the duty station. The
patterns across ratings are similar, although not identical.

-10-
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TABLE 2

COMPARISON OF PRODUCTIVITY

Relative productivity?

; Rating Index 1 Index 2
ET 41.46 51.71
AE 45 .69 52.66
MM 47.79 52.29
EM 49.79 55.60
RM 51.91 56.54
MS 55.94 58 .41
AD 55.51 60.20
EM 3354 37.79 51.41
ET 3353 29.60 48.20
MM 3355 32.03 43.41

a. Expressed as a percentage of the
productivity of tralned specialists
in the rating.

The average productivity values provide information about the
growth of productivity in the first term and on the relative value of a
first-term recrult compared to a careerist (an individual with 4 years
of experience), It is difficult to use these numbers directly in
applied analyses, however, so indexes of the relative value of a first-
term recruit to a careerist were developed.

The study constructed two alternative indexes to measure the
productivity of first-term persounnel relative to that of trained
speclalists. The definition of a trained specialist, an individual with
4 years of work experience in his specialty, came from the survey ques-

tionnaire. By definition, the output of a trained specialist equals
lUO.
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..-:: The first index {s the average output of first-term recruits during
! " thelr first 4 years in the Navy, expressed as a percentage of the output
) of a trained speclalist. Graphically depicted in figure 4, this index
" equals the shaded area minus the area where net productivity is negative
& or, more formally:
'h’ 43
-r“f = P(t)dt]/48,
1
Y
e where v
14
N,
‘{, ty = month of arrival at first duty station
1 "-.'
R P(t) = net productivity at time t, as a percentage of the output
g
j:.'\ of a 4-year specialist.
N
+ 0%
-
.
'\I
i»
.):.J
S
e
-:- 100 ™ Ngte: 100% aquals output of
N = trained specialist
3
9
o g _
',‘ -.- LY
3 72
f_:' s -
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) )
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e FIG. 4: HYPOTHETICAL MEASUREMENT OF PRODUCTIVITY
B4 OF FIRST-TERM RECRUITS
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;% This index allows cross-rating comparisons of the relative produc-

tivity of first-termers during the first 4 years of service. Produc-

:\ tivity during formal training 1s assumed to equal zero and therefore

~ ‘ does not appear in the integral, although it does enter the denominator.
~

Y

- The second index looks at the relative productivity for 4 years

. ;!

after arrival at the first duty station. Since individuals in different
ratings spend different amounts of time in training before arriving at
the first duty station, this index is not quite as convenient for com-
parisons across ratings. Since the second index measures productivity
over a longer period of time, thus capturing more productive time rela-
tive to that spent in training, it is always larger than the first

K index. Table 2 shows that, except for the nuclear-related ratings (for

which training time is very long), both indexes order the ratings in
similar fashion.

Y
TR AR

Y
YorL YLt

LAY

These indexes show a pattern. The ordering of relative productivi-
ty is essentially inversely related to the ordering of skill levels in
the ratings. The most technical ratings display the smallest first-term

—
.
I3

‘. productivity. This effect is strongest for the first index, reflecting
> in part the length of A-school training. The same effect is evident--
. though less dramatic-—in the second index, in which the impact of train-
v ing time is removed because the output measurement begins only after

P

formal training is completed.

L
T

Mental Ability, Education, and Job Performance

i
)

2tal

In the previous sections, the supervisors' responses about the
typical path of productivity were used to determine the effect of Navy
x experience on relative productivity. A more difficult question 1is the
impact of personal characteristics, such as education and AFQT scores,
on productivity. The question is important to the Navy because
- individuals from the upper mental groups and those with more education
) are more expensive to recruit and retain.

. To estimate the effect of mental ability and education on

a7 productivity, researchers must examine the supervisor's evaluation of

fiom the relative productivity of each recruit at four points: on the survey
‘- date, 1 year later, and at the beginning and end of the first term.

Regresslons can be estimated, controlling for supervisors' differences,
to analyze the growth of productivity within the first term. These
regressions are estimated separately for personnel in each of the
ratings.

Pl
a .
(2

TNYSINEA

Y

This 1s a straightforwara task that yields reasonable results. The
shape of the learning curve derived from these regressions is similar,
although not identical, to those obtained in the earlier analysis of
- . "typlcal™ recruits, but the effects of mental ability and education are
inconsistent across ratings.
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Before summarizing these results, some econometric problems
inherent in estimating productivity within specific ratings must be
addressed. The next section describes a model that deals with these
problems.

RATING ASSIGNMENT .

The Navy has approximately 100 ratings that vary substantially in
entry and training requirements. Recruits can frequently select the
rating for which they want to train, but this choice is subject to q
availability of school seats and to rating-specific qualifications.

Many recruits enter the Navy without a school guarantee or with a
general guarantee that does not specify the school. A few others are
designated in a rating through on-the-job training (0JT) without
attending an A-school.

At both the recruitment and classification stages, the Navy
attempts to steer recruits into ratings that are undermanned and in
which the recruits are likely to be most productive. For example,
recruits in the upper mental groups are consistently encouraged to enter
the most technical ratings. As a result of both individual choice and
Navy needs, then, the assignment of reecruits to ratings is nonrandom.
The factors that determine rating assignments are related to the factors
that determine productivity within a rating; they may in fact be the
same factors. This phenomenon creates significant statistical problems.
If the most able recruits enter the most technical ratings, estimates of
the effect of such factors as education and AFQT score on productivity
could be biased downward.

The ratings used here are more concentrated in the technical range
than the overall Navy distribution. Table 3 displays the skill
categories of these Navy ratings. The selection problem discussed
earlier is most severe for category 2. In this group, two thresholds
are operating: Some recruits are not assigned to a rating because they
are underqualified for it; others, because they are overqualified.

l. A more detailed description of this problem is inecluded in -
appendix A of {6]. 1t should be noted that to be in the sample, a
recruit must successfully complete formal training and not leave the
Navv., This additional selection process is implicitly modeled in this
research, as well.
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’ SKILL CATEGORIES OF RATINGS
.:-"')
..: .
'fi Categorv 3
35 Category 1 Category 2 (nuelear qualified,
N ¢ (medium skilled) (highly skilled) highly skilled)
)
AD M EM 3354
AE ET ET 3353
S MM MM 3355
RM

o NOTE: Distribution of recruits in these categories is as follows:
“:i- 25 percent in category 1, 52 percent in category 2, and 23 percent in
:xj category 3.

-l\' '-‘

~ Regression Results

L

o~

\:}. Based on these ordered—-probit estimates, the study team created a
I~ correction ?actor for the probability of assignment to ratings for each
Tl individual.  The team included this factor with the other regressors
- and estimated regressions of productivity on individuals' characteris-
b . .

. cics and Navy experience.

K The learning curves are shaped by the coefficients on time-at—-the-
w:d job. The derivatives of the learning curves at several points in time
SN are shown in table 4. The patterns across the ratings are very similar.
oy In general, productivity grows at about 3 percen:i per month in the

g middle of the first term. The curves are slightly steeper and do not
J flatten quite as quickly for most technical ratings, but the dif ferences
L ire small. Time-in-service prior to arrival at the duty station seems

! '.- 04 : I3 : 3

el to have an effect on productivity for the more technically demanding
- skills. The effect, however, is much smaller than the effect of time-
e at-the-duty=-stazion.

a ~.

3 The estimation of the effect of time-on-the~job on productivity

N does not depend on the specification of the model. The estimated

S coefficients remain the same between the ordinary least square (0OLS) and
Ko selection~rorrected equations.

T The effect of time—-on~the-job on productivity could have been

- obtained much more simplv by examining supervisors' attitudes about the

. tvpical trainee. Ton analyze the effect of mental ability and education
o

l‘-:'.

)

“
"y l. Reference 4 includes a definition of this correction fartor.
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on productivity, however, regression estimates are necessary. Here, the
impact of modeling the assignment process hecomes apparent.

TABLE 4

MEASURE OF PRODUCTIVITY GROWTH

Rating MTJ (TJ = 1)@ MTJ (TJ = 24)2  MTJ (TJ = 36)2 'Y
AD 3.23 1.96 .68
AE 3.38 2.01 .65
MS 2.15 1.40 .66
RM 3.35 1.91 47

|
EM 3.15 1.95 .75 |
ET 3.43 2.04 54 |
MM 2.91 1.83 .75 1
EM 3354 3.34 2.09 .85 :
5T 3353 3.69 2.34 1.00 |
MM 3355 3,46 2.19 .91

a. TJ = time-on-the—job, expressed in months.

In skill category 2, the assignment procedure would be expected to
have the largest effect on productivity. The recruits who are qualified
for and assigned to these ratings are among the best available to the
Navy, although the very best are encouraged to enter the ratings in
skill category 3, which requires additional training in nurlear power.

Table 5 shows those results that pertain to the effects of
education and AFQT score on productivity. The use of the model that
accounts for the assignment procedure shows a dramatir effect of
individual characteristics on performance. This is particularly true
for the AFQT roefficients.
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L sl Af A B A0 S.A )

Y rwewuw Ak 8k aak 4t Al Rl andtie Bty aianie A e g K- an o us ohh aid ad ik aih aid AlA ard i et AtA A A A A Ati b d il Sk A lad

TABLE 5

PERSONNEL QUALLTY REGRESSION COEFFLCLENTS

EY rating
Characteristic OLS Corrected
AFQT -.03 .10
(.6) (2.6)
HSDG 6.2 6.5
(4.1) (4.1)
ET rating
Characteristic OLS Corrected
AFQT .05 .58
(.8) (2.4)
HSDG 6.3 8.9
(3.0) (3.7)
UM rating
Characteristic OLS Corrected
AFQT .13 .34
(2.8) (2.9)
HSDG 6.2 7.3
(3.6) (3.38)

NOTE: Numbers in parentheses are t-statistics.

In the OLS equations, the coefficieats on AF)T are small and
{nsiynificant for two of the three ratings. When the selection-
corrected equatlion Ls estimated, the coefficlents lacrease substantilally
and, with one exception, are all statistically significant. The
coefficients for the ET rating, for example, imply that a l0-point
f{acrease {a AF)T (approximately one standard deviation) leads to an
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increase in productivity of © on the 10U-point scale. This number
implies a 12-percent increase in the value of the indexes calculated in

-~ table 2. The corresponding increase for the MM rating is roughly

,’& 7 percent, The two estimates for the EM rating are so divergent that no
'iﬁ exact calculations are reported, but the pattern of results again
,*{ indicates that the selection-corrected model shows a larger effect than
A the simple ULS version.

.;: A comparison of the OLS and corrected models tells a similar,
xj though less consistent, story for the impact of education. Acquisition

':{ of a high school diploma implies an lncrease in productivity of more

- than 10 percent for each rating when the selection-corrected model is
b estimated.

K-l In the past, difficulties have been encountered {n estimating the
:& impact of mental ability and education, which are assumed to be proxies
\j for quality, on productivity. The results presented here imply that one
N of the reasons for this problem is failure to account for the
_\f occupational-assignment process. When occupational assignment is

; considered, the findings indicate that mental ability and education have

s,:k a substantial effect on productivity.

ol

Upper and Lower Categories

s

YA AN

Researchers expected the problem of rating-assignment bias to be
the most serious for skill category 2. Although the results for this
group show significant improvement when the selection process is

:;{ corrected for, this is not the case for the other ratings. For

3?3 categories 1 and 3, the joint model leads to results that are much less
‘;}g precise than the OLS estimates. The coefficlents on education and AFQT
» score are consistently less precise, and their signs are contrary to

J expectations.

1:? These findings are not easy to explain. The ordered-probit model
25: does not fit the data as well at either tail of the distribution. By
4:¢ its nature, the selection-corrected model suffers from multicollinearity
o and may simply not be robust when the fit on the assignment equation {s
e ; not precise.

R -_".

- The OLS coefficients on the AFQT variable for skill categories 1

and 3 are basically comparable to the OLS estimates for category 2.

Some researchers may infer that the true effects are comparable to those
O found for the ratings in category 2 and that the estimating techniques
used are simply not robust enough to measure them precisely. However,
this inference is probably a case of grasping at straws. Jonetheless,
the OLS estimates are likely to be lower-bound estimates, which suggests
that AFQT scores do significantly affect performance,
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%\: The corresponding results on the education variables, however, show
- no pattern at all. The interpretation of these coefficients is left as
a topie for future research.
- 1
';ﬁ OPERATIONAL READINESS AND TRAINING
*. o
2j; The final task to be discussed in this section concentrated on
i three areas that have been infrequently researched. First, the study
: 1 analyzed operational data that are realistic measures of wartime capa-
}\ bility. Second, in addition to estimating the effect of factors such as
':ﬂ. military experience and personnel characteristics on performance, the
) study examined the effect of mid-career training on the performance of
o] personnel--particularly the impact that training in flight simulators
has on crew performance. Finally, this study looked at the reserve
component of the force, a segment of the military that has not received
‘alg intense interest in the past. The reserves serve only a limited time
:, each year; therefore, significant questions have been asked about their
,*ﬂﬁ readiness and what policies can limit skill loss as time away from
’*1{ active duty increases.
g
WA
Y| Data
M
;ﬁﬁ Simulator exercise results were gathered for a sample of nine Naval
o Selected Reserve P-3 squadrons from 1980 through 1982. The P-3 is a
e long-range patrol aircraft whose primary mission is antisubmarine
e warfare. Crewmembers on ASW airacraft, both officers and enlistees,
spend a substantial amount of time in simulators. These sessions, which
fa; often last several hours, are used both as training exercises and as
N indicators of crew readiness. The individual crewmembers and the crew
o as a whole are graded on their performance, and results of these
:& exercises are recorded. The sample includes 365 simulator trials and
. % over 1,000 individual exercise grades.
)
N In addition to simulator flights, actual operational flights are
P graded. Data on grades from these flights were collected. Unfortunate-
.;ﬁi ly, these data are too limited to be useful in these analyses. Reserve
NS units fly a small number of operational missions each year; therefore,
1‘5* the data set derived from operational records was too small to be used.
i This problem is exacerbated by the fact that these operational flights
Sl cend o be concentrated among a small number of crews within the
,\i squadron. As a result, onlv information from simulated flights are used
9:i i1 this study.
:?:’
.’f’ The study forused on the three enlisted sonar operators in the
N . i1irnrew., Individual exernise grades were merged with personnel files
‘-fi thaz iaeclude extensive iaformation on Individual characteristics and on
'- -
AN
;2;; 1. The analvsis diseussed i1 the follonwing section is presented more
S comprehensively in [7].
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Navy training and experience. The information covers four areas:
personal characteristics, flight characteristics, reserve training
information, and simulator experience.

Model

Three factors fall in the category of personal characteristies:
pay grade; experience in the Navy as well as advancement rate (in pre-
vious studies, the most powerful predictor of individual performance);
and education level, Many reservists had completed additional years of
schooling after leaving the Navy, so this variable does not measure
education at the time they entered the service.

The score a crewmember receives on the flight evaluation depends
not only on individual proficiency. 1t also depends partly on the
characteristics of the job, such as the difficulty of tasks involved and
the individual's position on the aircraft as Sensor 1, Sensor 2, or
Sensor 3. Sensor 1 and Sensor 2 operate the acoustic detection devices.
Sensor | is the lead operator, and Sensor 2 provides support. Sensor 3
operates the nonacoustic devices and has a limited role on many
flights. The analysis takes account of the individual's position on
each flight and the type of mission being simulated.

A key concern in any analysis of reserve readiness is a comparison
of the performance of reservists to active-—-duty personnel. As
previously noted, the study found insufficient data to compare reserve
to active personnel. The reserve community, however, has two types of
personnel: the Selected Reserves (SELRES), who make up about three-—
fourths of the reserves and serve one weekend a month and 2 weeks a year
of active duty; and the Training and Administrative Reserves (TARs), who
serve full-time but are attached to reserve units.

This study assumed that TARs are equivalent to active-—duty
personnel and that data on SELRES and TARs can be used to compare the
performance of reserve personnel to active-duty enlistees. 1In addition
to exploring the differences between these two types of reservists, the
study examined the impact of training on the readiness of reserve
personnel. Since the extent of skill loss of reservists and the impact
of training on reducing skill loss is of great concern to the Navy, the
study also examined the effect of time-since-active-duty oun the
performance of personnel. This may be affected by the amount of time
the individual actually spent on active duty, which is considered as
well. Finally, the study analyzed the impact of the reserves' 2 weeks
of active-duty training by measuring the time since the last period of
active—-duty training for each individual.

Finally, the study assessed the importance of simulator training in
improving performance, The effectiveness of personnel was measured as a
function of the number of simulator trials performed during the study




. period. A more extensive study might concentrate oan the time between
L these trials as well as a simple count of their number.

.’ Results
.'*_ '@ ———————
.
‘;n“ The study used regression analyses to estlmate the factors that
::i determine simulator scores. Simulator trials are scored on a 100-point
LN scale., Numerous individual tasks with different weights are graded and
3 $ added to determine an overall grade. Although the mean score is close
}éf; to 90, there is still variation across the sample.
B
'iff Researchers estimated equations relating simulator scores to char-
oy acteristics., In general, all the results are in accord with their

»
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b

expected signs. The magnitude of many of the effects 1s much smaller
than would have been expected, however. This is true, in particular,
o for individual characteristics. The variables measuring education have

o been deleted entirely from the regression equation. The coefficients,
-ﬁ}; whether measured by years of education or degree status, are statisti-
;ﬁgf cally insignificant and change sign depending on the specification of
b the equation. AFQT score has a positive but miniscule impact on simu-
i» lator performance. 1Individuals in the higher pay grades performed
better, but again, the differences were quite small. There is no clear
reason why these factors have so little explanatory power. The most
: likely explanation has to do with the nature of the reservists in the
PR study's sample. They have an average of 15 years of experience in
e active duty and reserve activity; therefore, they must be reasonably
coimpetent at thelr jobs. Because of this, one can expect that differ—
20 ences in individual characteristics will be less important than they
o might have been earlier.
:{; The variables that are included to control for differences in
W flight tasks are all statistically significant. They are included to
J control for the possibility that individuals are sorted into flight
'_}; positions or crews into particular flights based on their personal
::; characteristics. These variables prevent spurious correlation between
ri}: personal characteristics and simulator scores based on a nonrandom
MO sorting of individuals based on the type of task performed.
O
. B The implications of these results for the readiness of reserve
ASAH units are very interesting. The most lmportant issue for reserves 1is
::Z: whether or not reserve crewmembers can perform adequately. The answer
o obtained from this study is strougly affirmative. The results indicate
1{f{ that SELRES crewmembers are, in fact, slightly better than their TAR
e counterparts. Even though the difference is statistically significaunt,
_ . it 1Ls so small that SELRES and TARs can he considered equivalent. This
NG result {s important because SELRES are often assumed to be less effec—
e tive than full-tine enlistees,
S
:t}: N These results do imply some degree of skill loss over time, as
*fl measured by the negative coefficient on years-since-leaving-active-duty.
) -
,:E: -21-
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Even though this variable is negative and statistically significant, its
magnitude is quite small. For the average reservist, who has been off
active duty for 1l years, the score is only about a point and a half
lower than that of someone coming right from the active forece. This
suggests that the training of reservists, at least for patrol aircraft
squadrons, is sufficient to maintain their competence.

Two variables are included to examine skill training more sperifi-
cally. The first, time since the last period of active duty for
training, has virtually no impact on the simulator score. This finding
has two possible explanations. One is that training has little impant
on performance for experienced personnel. A more likely explanation is
that most reservists train on a regular basis; therefore, the time

intervals between training sessions are too short to have a measurable
impact.

The second variable identified individuals with missing training
records. No record of the last training period was available for one-
fifth of the crewmembers. This may be due to bad recordkeeping, but it
may also indicate that no training has been conducted for a long
period. The study found that individuals with missing training records
had slightly lower scores.

Simulator Training

Flight simulators serve two functions. They can be used to measure
the readiness of individual crewmembers, as in this analysis. They ran
also be used as training devices to improve the performance of these
individuals. Their usefulness as training devices can be measured by
examining the impact of a session in the flight simulator on subsequent
simulated flights. Figure 5 displays the mean flight score of all
individuals by the number of simulated flights during the observed
period. It clearly shows a strong upward trend. The regression esti-
mates predict an average inecrease of more than one point for each simu-
lator flight, although this effect declines slightly with each subse-
quent flight.

Flight-simulator training leads to substantial improvements in
subsequent simulated flights. ts effectiveness in improving perform-
ance during real flights remains untested. As noted before, the study
found that too few observations had been made on reserve—unit opera-
tional flights to rompare the relationship between performance in simu-
lated and actual flights carefully. The flight simulators used in these
tests are very realistic, however, and the units that use them place
sreat confidence in them. This suggests that time in the simulator does
produce improvements in the operational performanne of VP crewmembers.
The magnitude of this effert may not equal the estimates ohtained here--
in farct, it is probably smaller; still, evidence shows that simulators
can be used effectively to provide training to these arewmembers.




-,

% »
2 s v
2°a 4

~
=
¥
.
D

A
o LR B

U]
.
P R
G e e

B .
LN N

]
«*
3
«

5

T " w ™ T —ormorY

Mean score

Simulated flrghts

FIG. 5: SIMULATOR SCORES BY EXPERIENCE

This analysis emphasizes the impact of training on performance.
The data come from Naval Reserve patrol squadrons. Training {is
particularly important for reserve units that do not serve on a regular
basis. Although this analysis is an initial effort in this area, the
results are encouraging. Enlisted reservists experience very little
skill loss over time. The typical reservist, who has been out of active
duty for more than 10 years, performs his job about as well as someone
coming directly off active duty. The Selected Reserve enlistees score
as well on simulated flights as their full-time counterparts. Both of
these results suggest that reserve training accomplishes {:s purpose.

EFFECTS OF COMPENSATION POLICY ON RETENTION

The analyses summarized thus far have conrentrated on the defini-
tion of requirements and the implications for readiness of failing to
meet requirements or for filling requirements with different types of
personnel. These analyses can help the Navy determine the number and
type of personnel to recruit and retain. How best to keep the appropri-
ate mix of personnel in the force is a subject nof substantial research.
This study addresses two specific compensation issues. The first is the
impact of pay policy on the quality of those deciding to reenlist. The
second is an assessment of the current state of the sea-pay program.
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= COMPENSATION AND QUALITY!
.
) j The Navy has made substantial progress in eliminating its long-
, standing shortage of petty officers but, as {t grows toward the 600-ship
A - force, it will have to retain inereasing numbers of personnel to attain .
(s career—force objectives. Previous research has made it rlear that
- personnel can be retained in suffiecient numbers if pay and personnel
?3 policies are used appropriately.
. Will the Navy, however, be able to maintain (or improve) its ‘
o current level of personnel quality as it retains large numbers of
Jj rareerists? This question has not been seriously explored. Growth in
‘f demand for personnel will be greatest in the most technical Navy jobs,
hi which makes the issue of quality even more critical. Researchers
examined this question and evaluated various poliecies for increasing
v retention and the quality of personnel retained. Analysis is limited to
;? the first reenlistment decision; continuing research will include
< subsequent derisions.
';? The Navy policy that has the greatest impact on retention is the
{ level of pay. The two major components of Navy pay are Regular Military
Compensation (RMC) and Selective Reenlistment Bonuses (SRB), The Navy
- has numerous other special pays, such as sea pay and proficiency pay,
i: but they constitute a small portion of total rompensation and have not
B been considered in most of the work on compensation.
Many analysts have studied the effect of pay on first-term reen—
. listment rates. The impact of pay is normally measured as an elasticity
:. which measures the percentage change in reenlistment resulting from a
- percentage change in pay. Estimates of the elasticity of reenlistment
fﬂ with respect to pay, with pay measured by RMC and SRB both separately
i{ and jointly for various years and data sets, have been remarkably con-
) sistent. A review of more than a dozen studies of first—term reenlist-
Y ment [9] found that the distribution of results is centered just above
3 2.0 and that virtually all the estimated elasticities have been between
-y 1.0 and 3.0. Most studies have assumed that all Navy personnel exhibit
& the same pay response. Two recent studies [10,11] allowed for varying
:*3 response rates by estimating separate elasticities for different
nccupational groups. Both found some differences between occupational
Zroups, but, in general, the estimates of pay responsiveness were quite
:: rlose to those found in earlier work.
k.
'$ A major factor that influences retention is the state of the
Aii economy. Although the Navy has no control over this, it can plan future
policy based on forecasts of economic trends. Levels of Navy pay can 4
S only be interpreted relative to civilian wages. When polinymakers
:J consider the impact of a 5S—-perrent inacrease in Navy pav, they must
.
‘. [
;x l. The research summarized here is contained in [8].
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realize that the actual effect depends on the size of the change rela-
tive to increases in civilian wages. The other major indicator of
economic conditions is the national unemployment rate. Reenlistment
rates are sensitive to the unemployment rate, fincreasing when the unem
ployment rate increases. The effect of unemployment on retention has
been found to be substantial even though it is less often analyzed than
the effect of pay on retention. Estimates used by CBO [9] indicate an

- elasticity of .5 for first-term reenlistment. Although this elasticity
is somewhat less than that corresponding to pay level, it is still
significant. Translating this elasticity into actual changes in reten-
tion, a l-percentage-point decrease in the national unemployment rate
leads to a 3-percentage-point decrease in the reenlistment rate for
first-term personnel. The unemployment rate is much more volatile than
pay, so historically it has had a greater impact on retention,

Earlier analyses have also found that education and AFQT influence
retention. Individuals with more education and higher AFQT tend to have
lower reenlistment rates. In large part, this appears to be the result
of their enhanced civilian opportunities. It should be noted that this
result applies to people reaching the end of their first-term and does
not take into account the lower pre-contract attrition of better
recruits, high-school graduates in particular.

These findings are disturbing because evidence shows that education
and mental ability both have significant impacts on job performance.
Past analyses indicate that the Havy 1is most likely to lose its most
productive persvnnel at the first reenlistment point. Consequently,
researchers will examine the relationship between performance and
retention and evaluate policies for encouraging higher retention among
personnel who contribute the most to Navy readiness.

Personnel in the Rand Corporation survey {12] were matched to the
annual Navy Enlisted Master Record (EMR) and followed until they either
left the Navy or reenlisted. Table 6 displays the ratings and the
number of personnel observed in each category along with the mean
reenlistment rate for each rating. To create a fairly homogeneous data
set, the study excluded personnel in the nuclear power program, who have
O-year initial obligations and consistently high bonuses. The MS rating
showed substantial changes during the sample years, so it was also
dropped from the data set. Preliminary analysis indicated that the AD
rating was somewhat different from the others. It was excluded,
although 1including it did not change any qualitative results. Table 7
dlsplays the variables collected for each person and their mean values.
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N RATINGS AVAILABLE FOR ANALYSIS
’,

D
o {
- Nonnuclear ratings N Reenlistment rate
b -

W Aviation Machinist's Mate (AD) 41 293 .
~:: Aviation Electrician's Mate (AE) 19 .153
{8
e Zlectriclan's Mate (EM) 392 A10
L)

WY

Electroaics Techanician (ET) 291 .089

-i: Machinist's Mate (MM) 309 .152
o
5‘ ess lanagement Specialist (MS) 197 310
; W
{ Radioman (Ri) 219 210
:v'

N
-7 Nuclear ratings (NEC)

- EM (3354) 178 .157
o ET (3353) 168 083
. 1 (3355) 244 131
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TABLE 7

INDEPENDENT VARIABLES

Variable

HSDG (=1 if high school diploma graduate)
GED (=1 if rereived GED)

AGE (age at entry into Navy)

NW (=1 if race not white)

AFQT (score)

PG3 (=1 if pay grade E-3)

PG4

PGS

PG6

MULT (SRB multiple at time of reelistment decision)

UER (Aggregate Unemployment Rate at time of reenlistment

decision)

MIL2CIV (pay index at time of deeision
= RMC (E-4, LOS4, family size=3)/CPI

EXTEND (=1 if extended prior to reenlistment decision)
FY 74 (=1 if decision made in FY 74)

FY 75

FY 76

FY 77

FY 78

FY 79

FY 80

PR4 (supervisor's assessment of productivity at LOS4

relative to a fully qualified specialist = 100)
~27-
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Mean

.87

.05

19.2

.05

72

o11

.53

6.9

+55

.10

.002

.08




In the data available, it is impossible to accurately determine
whether an individual is ineligible to reenlist. This is not a serious
problem since the number of ineligible individuals is quite small.
During the period of time covered by the analysis, personnel who had not
made E-4 were not normally eligible for reenlistment. To reduce the
problem caused by the eligibility question, the analysis was limited to
personnel 1in pay grade E-4 and above.

Because the period of time in the sample {s quite short, the study
found no substantial changes in the measure of RMC relative to civilian
pay or in the unemployment rate, so it also employed a second
specification with dummy variables for each of the sample years to
account for changes in the national economy and Navy pay. Results from
each of these specifications are presented in table 8, but the choice of
mode’.s does not substantially change any results,

Retention tstimates

The study estimated the probability of reenlisting based on
personal characteristics, pay grade, SRB level in the rating, unemploy-
ment rate, and an index of military pay. Results are presented in
table 8., Directly interpreting the logit coefficients is difficult, so
the table includes the partial derivatives of the reenlistment probabil-
ity with respect to the independent variables evaluated at the mean
reenlistment probability. For example, high school diploma graduates
have a predicted reenlistment rate 6.2 percentage points lower than that
of nongraduates. Very little difference is found between the model that
uses annual dummy variables to describe time-series variation and the
model that includes the unemployment rate and the pay index. To avoid
redundant calculations, the following paragraphs discuss only the
results from the model using pay and unemployment, although both sets of
results are presented in table 8.

The effects of individual characteristics are reasonable and basic-
ally consistent with previous findings. High school graduates and GED
recipients are less likely than nongraduates to reenlist. Nonwhites are
more likely to remain in the Navy. Personnel who enlist in the Navy at
4 later age are also more likely to remain; this reinforces the earlier
findings on the importance of entry age. The coefficient on AFQT is
small and insignificant. Study-team members expected a negative AF)T
coefficient, reflecting higher potential civilian earnings; this Llnsig-
nificant finding cannot be readily explained.

-28-
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oy ESTIMATES OF REENLISTMENT EQUATIONS
L variable® Coeft (t) [Partial] Coeff (t) [Parcial]
- Constant =5.94 - -- -20.61 - -
o HSDG ~.62  (2.0) (-.07] -.55  (l1.8) (-.06]
RO GED -.37  (0.3) (-.04] -.34  (0.7) (-.04]
ﬁ:} AGE .12 (2.1) (.01} .11 (2.0) [. Ol]
- NW 1.45  (4.2) [.16] .44 (4.3) [.16]
i AFQT L0025 (V.a) {.0003]) 0012 (0.2) [.0001)
. PG5 .33 (4.4) [.09] .79 (4.2) {.09]
o PGo .28 (2.2) L.14] 1.25  (2.3) [.14]
N MULT L1500 (1.2) [.02] .18 (1.6) [.02]
o UER - - - 36 (2.9) [.04]
}jﬂ MIL2CIV - - - 24.50 (2.4) {2.7]
. iﬁThVD .98 (3.5) (.11} .92 (3.3) [.10]
99.7 - - 88.2 - -
11903 - - 1193 - -
(P]x) .125 - - .13 -- --
a. Dummy variables representing Navy ratiangs and decision year are also
included.
:ij The effect of a one-level increase in the bonus multiple is to
- riise the reenlistment rate by 2 percentage points. Translating this

Y

into a pay elasticity yields an estinated elasticity of 2.1. This
2 result confirms the findings of numerous other studies. An alternative
- pay-elasticity estimate can be derived from the coefficient on the pay
index. This elasticity estimate equals 9.5, which is unreasonably high.
The unemployment elasticity equals 1.3, which is also substantially
higher than that found in earlier work. These results are probably due
: to the very short time series available in the data and should be
e interpreted very cautiously.

ihe eftect of pay grade on retention is dramatic. The reenlistment

SN rate for an lndividual at pay grade E-5 is 7 percentage points (or more
l~, than 50 percent) higher than for an individual at pay grade E-4,
el fable 9 shows the pay levels assoclated with these pay grades, based on
- a length of service of 4 years (LJUS4). An E-5 earns only 5 percent more
\f
l\'-
.‘-'
S~ 1. During the years observed SRB was paid in annual installations. A
:: one-level increase in SRB can, therefore, be treated as an additional
- nmonth of base pay, and the resulting change In pay is converted into a
. percentage pay lncrease,
\'f‘
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than an E-4, If advancemen:t affected retention only because of this pay
iacrease, the implied pav elastiecity would be more than 10Q. Clearly,
Aadvancement to E-5 atfects retention more strongly than what would be

expected from the pav inecrease alone. This suggests that advancement
in itself may bYe an effective retention tool, a point that will be i
considered later.

TABLE 9
MONTHLY RMC AT LOS4, FY 1978

Pay index

Pav grade RMC2 (E4 = 1.00)
E-3 $ 815 .92
E-4 889 1.00
E-S 930 1.05
E-6 1021 1.15

a. The calrulation of RMC depends on the number of dependents.
These values assume the individual is married and has one
child.

The comparable pay elasticity for advancement from pay grade E-5 to
grade E-5% is just over 2, suggesting that there is little additional
ot beyond that of pay for this advancement. So few individuals have
ieved pay grade E-6 during the first term, however, that this result
uld be treated cautiously.

Retention and Quality

To this point, the analysis of retention has not differed dramati-
cally from that conducted by manv others. A direact measure of
productivity in the study's estimates of retention has been included,
but it has no significant impact on retention. The only result that
ditfers from those of earlier analysts is the lreatment of advancement
18 an explanatory variable. The obvious question to ask about retention
is, how do the economia variables, such as pav and SRB levels, affecat
the quality of the career force?

The work presented so far assumes that the effect of pav, as
measured by the pav elastiacitv, is identical for all individuwals. This

l. Some cautinn is required i1 the interpretation of these findings.
Individuals who intend to reenlist mav be more likely to make an effor:
“o reach PGS by end of active oblisated scrvice (EAOS). As a resul:t of
this reverse causalitv, the coefficienz on PGS probably nverstates the
policy impact of an inarease in the advancement rarze on retention.
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type of model predicts that as pay lncreases, the Navy will retain more
personnel but the quality distribution of personnel will remala essen-
tially coastant. If, on the other hand, the responsiveness to pay is
different for individuals with differing characteristics, then changes
in pay or in the national economy may have a significant lmpact oa the
quality of the career force retained.

Researchers stratified the data set by measures of quality, then
estinated separate reenlistment equations., The study involved too few
non~HSUGs to stratify on that variable; thersfore, the data was strati-~
fied by mental group (MG). Summary calculatlions of the implied
reenlistnent elasticities are displayed in table lU,

TABLE 10

REENLISTHMENT ELASTICITIES

(L) (2) (3 () (3)
All MGI-LIIL MGI-[IIU MGI-11 MGIIIL
Pay
(calculated
from SRB) 2.2 2.8 3.1 3.1 1.1
Unemployment 1.8 2.0 2.7 2.7 1.4

These results indicate substantial differences 1a the impact of pay
and unemployment across mental groups. In general, changes in Navy pay
have the largest impact for the top groups. Conversely, if pay

declines, the Navy will experience the jreatest losses in those zroups
it most values.

Exanining the pay elasticities derived from the 3R3 variable shows
that the estimates depend significantly on which group of personnel {s
being studied. For the full sample of individuals making a reenlistment
decision, the elasticity is 2.2, which is comparable to that found in
aunerous other studies. This overall result, however, masks some
important differences. Individuals in MGIII (column 5) have an elasti-
city of 1.1, which {s substantially lower than the average. At the
other end of the distribution, personnel in the top two mental zZroups
(column 4) are much more seansitive to pay. These results i{mply that a
5-percent pay lacrease will lead to a 20-percent Lncrease In expected
reenlistnent rates for personnel in the top mental groups but only a

S5-percent lacrease la reenlistment rates for the rest of the first-term
personnel,

The estinates of responsiveness to the unemployment rite are con-
sistent with estimates of responsiveness to pay. The differences across
groups are not -Juite as large as those coacerning responsiveness to pay;
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still, they imply that as the unemploynent rate declines from {ts

. extremely high levels of the early 1980s, the people «~ho are the most
valuable to the Navy will be more likely to return to the civilian
sector at the end of their first term.

Qj Table 1l shows the results of simulated changes {n SRB levels on ‘
e the quality mix after the first reenlistment point. When the avarage
x; 3R3 level changes, the distribution changes substantially. Comparing a
one-level increase to a one-level decrease reveals a lO-percentage=-point #
difference in the proportion of careerists in the top two mental jroups.
-\.
- TABLE 11
'?E SIMULATED EFFECTS OF PAY ON QUALITY
S Second-term MG distribution (percent) Overall
- [ncrease
T SRB change MGI-I1 MGLLI-V MGI-LIIU MGLIIL-V (percent)
n 0 38.3 61.2 57.3 42.2 -
+1 42.0 57 .4 5.3 39,2 13
-“‘D
-7 -1 33.9 06,1 54,0 40,0 -13
Conclusions
~\-_:
1 The results of the foregoing analyses reconfirm the standard rule
;xz of thunb that the appropriate pay elasticity for predicting aggregate
f:- first-term reenlistment is about 2. This standard result disguises sone
X important differences within the first-term force, however. The most
) able personnel (defined in this case by mental 3group) are the ones most
o sensitive to changes in economic conditions. General pay or SR3
-:. Llacreases not only induce more retention, but do so disproportionately
S for the best-qualified people. Conversely, if Navy pay lags heinind the
{} civilian sector, the resulting manpower shortages will be concentrated
oy among the most able personnel.
; : Another finding of note concerns the {mportance of advancement to
e the reenlistment decision. The impact of advancement to E-5 on
o retention i{s very large. The assoclated pay Increase is relatively
e smail, which suggests that advancement {n itself is an efficient
P retention tool. Advancement Is also a well-tarzeted policy: the Navy
: advances those {ndividuals who are the most valuable., Clearly, it is
:\: anreasonable to advance everyone in a ratiang, but the results suggest
I:- that a policy of faster advancement in und2rnanned ratings can have a
"ﬁ substantial impact on retention--one that is directed at the best~
f:- qualified people,
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SEA PAY

Maintaining adequate retention levels 1is important to all four
branches of the military in meeting their overall personnel objectives.
This {s accomplished, in large part, through general DoD-wide pay
Increases and reenlistment bonuses directed at specific ratings or
speclalties, Navy personnel are unique, however, in that they must
accept sea duty involving long family separations. As a result, compen—
sation for this type of work--sea pay--—has existed throughout most of
the ni{story of the U.S., Navy. It is a significant part of total compen-
sation. In recent years, the Navy's sea-pay budget has been approxi-
nately equivalent to that for the SRB program. Sea pay 1is likely to
have 1 signficant impact on retention in general and on the ability of
the Navy to fill billets at sea in particular.

The analysis of sea pay for this project centered oa developing
fanformation on the distribution of time at sea and the distribution of
sea pay. In other words, who spends time at sea and how much sea pay do
they receive? Answers to these questions are necessary before policy
issues such as the impact of sea pay on retention and voluntary exten—
sions at sea can be addressed. The data required to answer these ques—
tions were not readily available anywhere in the Navy and had to be
developed as part of this project. '

vescription

From 1949 to 1973, sea pay was calculated at a fixed rate that
varled with an individual's pay grade. The amounts remalned unchanged
for 30 years with the result that the value of sea pay in real dollars
dropped to slightly over one-third of its original value. Slnce 1978,
four sea pay tables have been used. The table that was in effect from
Jetober 1973 through August 1979 is similar to the one used from August
1379 until the end of 1930. These two tables applied only to petty
officers and varied only according to years of sea duty. The three sea-
pay tables are shown in tables 12 and 13.

Tables 14 and 15 show the current sea-pay table and its immediate
predecessor. These tables comblne the attributes of the earlier sea-pay
schenes by making sea pay depend on both pay grade and cumulative time-
at-sea., The most recent changes have allowed for additional increases
in monthly sea pay for senior personnel with wore than 10 years of sea
duty. These changes were designed to increase the {ncentives for senior
personnel to go to sea. This portion of sea pay 1Is known as Career Sea
Pay (CsP). An additional feature of the program 1s the CSP premium,
This pay is 3100 per month for anyone 4ho is eligible for CSP and who
has been on continuous sea duty for 3 consecutive years. 1t is designed
to compeansat=: for long veriods of sea duty and to encourage voluntary
eXtensions at sea.

-3 3=




TABLE 12

SEA PAY, JANUARY 1949-SEPTEMBER 1978

Pa rade Monthly rate (dollars) -

6
E-1 8
E=-2 8

E-3 9 V
E-4 13
E-5 16
-6 20
E-7 22
E-8 22
E-9 22

TABLE 13

SEA PAY, OCTOBER 1978-DECEMBER 1980

(E-4--E-9)
Monthly rate (dollars)
Sea duty
(years) Pay table 12 Pay table Zb
3+ 25 24 \
5+ 35 40 |
7+ 35 52
9+ 35 63 |
10+ 35 75
11+ 35 86 !
12+ 55 115

a. Effective | October 1978 to 31 August 1979.
b. Effective 1 September 1979 to 31 December 1980.
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Findinss

The study team obtained information on cumulative time-at-sea and
sea pay for enlisted personnel from the Navy Flnance Center, Cleveland.
The team was unable to obtain data on continuous time-at-sea in machine-
readable form. As a proxy measure, the team collected data on the
aumber of individuals receiving CSP premiums. Table 16 shows descrip-
tive statistics on individuals receiving sea pay. One lnteresting fact
that becomes apparent is that a relatively small proportion of petty
officers actually receive sea pay. In the 3 years analyzed, less than a
third received sea pay at any one time. Another interesting finding 1is
that the aunber of personnel receiving CSP premiums increased over the
same period. This is im accord with the notion that the premium has led
to voluntary extensions at sea, but the time period is too short to
confirm this result.

TABLE leo

PERSONNEL COUNTS FROM SEATIME DATA

e

Persons Percent Persons Percent
Net total receiving receiving recelving receiving
Year E~4 to E-9 CSpP CSP CSP premiums CSP premiums
1982 307.5 107.1 29.1 9.8 2.7
17383 397.5 117.2 34.2 16.6 4.3
1984 426.9 117.2 27.5 19.5 4.6

These results give some indication of the average Navy-wide tilme-
at-sea and sea pay. To get a finer breakdown, the study derived sepa-
rate statistics for two rating groups; these are shown in table 17.

TABLE 17
RATING GROUPS

Sea Intensive/Hission Cricical 3T, EM, EW, FTS, FIM, GM, GMG, GMM,
GMT, GS, GSE, GSM, HT, IC, MM, MR,
0s, ST, STG, STS

shore Intensive AB, AC, AD, AG, AK, AS, ASG, ASM, AT,
AV, AZ, CE, CTAa, CTI, CTM, CTO, CTR,
¢rr, cu, DK, DM, DP, DT, EA, EO, EQ,

HM, IS, JO, LN, MN, MU, NC, OT, PC,
PH, PI, PN, PR, RP, UT, YN
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Figure 0 displays the averapge anumber of years at sea by pay zrade
for the Mission Critical and Shore Inteasive ratings along with the Navy
average. Larze and widening differences exist between the rating groups
in the number of years they spend at sea during their careers. The
degree to which this is reflected in the sea-pay tables is indicated in
figure 7. This figure shows the monthly Career Sea Pay that a petty
officer earns at sea, differentiated by pay grade and rating group. It
illustrates the fact that the sea-pay table depends on pay grade to a
Jreater extent than on cumulative sea time.

These results do not indicate whether or not the sea-pay program is
an effective tool for compensating personnel for arduous duty or for
increasing retention in sea-intensive ratings. The goal of this
rasearch effort was to develop sufficient data to answer some very
simple questions about the distributicn of time-at-sea and sea pay
across the range of Navy personnel. The results presented provide a
Zeneral overview of these distributions., Further analysis Is required
to fully understand the effect of the sea-pay program on retention and
on the Navy's ability to f111 its billets at sea. The work done in this
study to develop data is a necessary first step in this direction,

SUMMARY

The davy 1is in a decade-long process of building a 600-ship force.
[his growth requires a comparable lncrease in the number of personnel to
man Navy ships and aircraft squadroas and to man the shore establishment
to support them. The Navy has been successful in the first half of the
138Us in meeting its persoanel objectives, but the second half of the
decade presents new challenges. A declining population of young people,
an lmproving economy, and budgetary pressures combine to make the task
of manning a growing fleet more difficult. As a result, the Navy needs
to accurately determine its manpower requirements and employ cost-effec—
tive personnel policies to fill them. This report summarizes research
conducted to help improve the Navy's ability to accomplish these zgoals.

The research covers three areas: manpower requirements, the eaffect
of manning policy on fleet readiness, and the impact of compensation and
personnel policies on the retention of career personnel.

dodels were developed to project personnel requirements for d{ffer—
ent force mixes, to explore the possibilities for civilian substitution,
aand to determine recruit juality requirements. These models can serve
as the basis for workable management tools.

The number and types of personnel in the Navy are important
influences on Havy readiness. The relative crantributions of different
types of personnel to measures of individual performance were analyzed--
fn particular, the growth of productivity during the first term and {ts
Jotential decline after leaving the active Navy. The results showed
that recruits do not contribute jreatly to ualt output until after a
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FIG. 6: AVERAGE SEA TIME BY GROUP AND GRADE
(DEC 1983)
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FIG. 7: MONTHLY CAREER SEA PAY BY GROUP AND PAY GRADE

(DEC 1983)
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N substantial portion of the first term. On the other hand, under the
0> present training policy, Selected Reservists maintain their acquired
operational skill even after periods away from active duty.
i:{ The study analyzed the sensitivity of reenlistment decisions to pay
R of personnel from varying quality groups. Results suggest that the most
i(j able persoanel are the most sensitive to changes in economic conditions
VA in the Navy and in the private economy. Finally, data on the Career Sea
Y Pay program were developed and analyzed. The distribution of sea duty
1|0 and the corresponding distribution of sea pay showed that less than a
Lt} third of petty offlicers receive sea pay at any given time, that CSP
.}{ seems to have lacreased voluntary extensions at sea, and that the sea-
}:J pay table depends more on pay grade than on cumulative time-at-sea.
Y
o
n
7
Ay
. -
f:‘
L -
p.
k.
\ oA
J
~h
l\ ~
~
o
o
s
-
N
L~
A
J.:y
Yo
- L J
\..'
Nt
D \..v
‘Y
kY R
\ ..-..
o
u}2 -3)-
20
.
y ."I
04
Y
b2,
P, 4
L . a= » - ! IRER A TS -\. .,"4'._-: '..‘.:.:\;.- . .‘ . . e 3
G .'a.‘l. '(M M.Mh \'{m'ﬂ& 'm‘im{iﬁ{h'\m'ﬁ'dbr.{:. h{&ﬂ. c“(s.;.m v.ﬁ-..'\.\. A{L&{h\d



LAl Yl LA Rcc e i R |

REFERENCES
LY .
:: [1] CNA, Research Memorandum 85-92, "Enlisted Requirements Planner 5
e (ENREP)," by Mary E. Wuest, Cdr., USN, Alan J. Marcus, and Marianne
L) -
A Davis, tHov 1985

L
[ 4

CNA, Research Contribution 358, "The Enlisted Requirements Planner
(ENREP),"” by Diane Schulte, Oct 1978

—

[\

—
*

Soa e

: [3] CNA, Research Memorandum 84-23, "Rating Balance Adjustments,” by
~ Gary F. Johnson, Cdr., USN, Jul 1984

-y
LA

{s] CNA, Research Memorandum 85-2, "Determining Goals for Upper-Mental-
Group Recruits,” by Gary F. Johnson, Cdr., USN, and Robert F.
Lockman, Jan 1935

{5] Naval Postgraduate School, Thesis, "An Analysis of the Relation-
ships of Personnel Characteristics to the Performance of the DD 963
Class Ships,” by John D. May, Dec 1983

[o] CNA, Research Contribution 528, "The Determinants of Rating Assign-
ment and Performance,” by Alan J. Marcus and W.L. Greene, Feb 1985

[7] ©CNA, Research Memorandum 86-27, "The Use of Flight Simulators in
rleasuring and Improving Training Effectiveness,"” by Alan J. Marcus
and L.E. Curranmn, Cdr., USN, Feb 1986

[3] CNA, Research Contribution 513, "Retention and Career Force Quali-
ty,” by Alan J. Marcus, Jan 1984

[9] Rand Corporation, R=1935-ARPA, "Reenlistment Bonuses and First-Term
Retention,” by John J. Enns, Sep 1977

{10] CNA, Kesearch Contribution 476, "Determinants of Navy Reenlistment
and Extension Rates,” by Matthew Goldberg and John Warner, Dec 1982

(11] Rehab Group, Inc., "The Impact of Selective Reenlistment Bonuses
Jpon First- and Second-Term Retention,” by David Rodney et al.,
Jul 1780

(12} Rand Corporation, R-2330-MRAL, "Labor Substitution in the Military

Environment: Implications for Enlisted Force Management,” by Mark
Albrecht, Nov 1979

-40-

A T AT S
o AEE A A0 IRV A W e P, a0 /_‘J a2 e LS -I“*“\ s ..l(‘,.
Nyt G QR I U Tyt T etg Vo ly




3
5,40
[
T
.t

[y
s
A,

A
%

R
L

'Y y
LA Ay
o P
R A

L

o

=

s
.I

[l W
1]
~*rf".'.'-‘

»

."-;'};_j sx
(f”fn‘r‘l iy

14

IJ..”

Pl o A9
%

&

!o--vvno-u'-t
'.—v -

’
.l\.

.. v‘.'.‘ .l“" ’h <" -

RODRORQAI, ¥ J\&E’.'r Mﬁ-ﬁ‘.m m:}.sm S:?'{




